1. Introduction {#j_med-2017-0023_s_001}
===============

Breast cancer is the most common cancer among women \[[@j_med-2017-0023_ref_001]\]. MicroRNAs (miRNAs) usually modulate the expression of target genes at the post-transcription level \[[@j_med-2017-0023_ref_002]-[@j_med-2017-0023_ref_004]\]. As one of the first tumor suppressor miRNAs to be identified, the let-7 family is composed of 13 members with overlapping and distinct functions in humans \[[@j_med-2017-0023_ref_005]-[@j_med-2017-0023_ref_007]\]. A report shows that let-7 expression is decreased and RAS protein is significantly higher in lung tumors \[[@j_med-2017-0023_ref_008]\], which is consistent with clinical observations in lung cancer \[[@j_med-2017-0023_ref_009]\]. A number of groups found inhibitory functions of the let-7 family in various types of tumors \[[@j_med-2017-0023_ref_006], [@j_med-2017-0023_ref_007], [@j_med-2017-0023_ref_010]\]. Reduced let-7 expression is reported to be associated with shortened postoperative survival in patients with cancer \[[@j_med-2017-0023_ref_011]\]. Let-7 is capable of targeting many oncogenic proteins, such as KRAS/HRAS \[[@j_med-2017-0023_ref_008], [@j_med-2017-0023_ref_012], [@j_med-2017-0023_ref_013]\], HMGA2 \[[@j_med-2017-0023_ref_013]-[@j_med-2017-0023_ref_016]\], and cyclin genes \[[@j_med-2017-0023_ref_017], [@j_med-2017-0023_ref_018]\]. Let-7g, one member of let-7 family, is involved in the development of hepatocellular carcinoma and breast cancer \[[@j_med-2017-0023_ref_019], [@j_med-2017-0023_ref_020]\]. Let-7g plays important roles in liver cancer through negatively regulating Bcl-xL or collagen type I α2 \[[@j_med-2017-0023_ref_019], [@j_med-2017-0023_ref_021]\]. However, the underlying mechanism by which let-7g functions in breast cancer metastasis remains unclear.

The transcription factor superfamily Forkhead-box (FOX) plays a role in differentiation, proliferation, migration, apoptosis, and metabolism \[[@j_med-2017-0023_ref_022], [@j_med-2017-0023_ref_023]\]. The change in FOX expression is involved in progression of various cancers through affecting epithelial--mesenchymal transition (EMT) or EMT regulatory pathways \[[@j_med-2017-0023_ref_024]\]. One member of FOX, FOXA1, is shown to be highly expressed in breast cancer \[[@j_med-2017-0023_ref_025]\]. FOXC2, another member, is able to promote metastasis and paclitaxel drug resistance \[[@j_med-2017-0023_ref_026], [@j_med-2017-0023_ref_027]\].

In the present study, we investigated the role of let-7g and its novel target gene in bone metastasis of breast cancer. We show that let-7g is negatively related to FOXC2 in breast tissues with bone metastasis and suppresses cell migration through regulating FOXC2 in breast cancer. Our finding contributes to understanding the mechanism of breast cancer metastasis mediated by let-7g.

2. Materials and methods {#j_med-2017-0023_s_002}
========================

2.1. Patient samples {#j_med-2017-0023_s_002_s_001}
--------------------

Twenty-five cases of clinical breast tumor tissues with bone metastasis and their corresponding peritumor tissues were obtained from the First Affiliated Hospital of Xi'an Medical University (Xi'an, China) after surgical resection. The patients consented that samples could be used for research. Patient information is listed in [Table S1](#j_med-2017-0023_tab_001){ref-type="table"}. Research Ethics Committee at the First Affiliated Hospital of Xi'an Medical University approved the study protocol.

###### 

Clinical characteristics of breast tumor samples

  No.   Age   Sex   Organ    Pathology diagnosis                                                       Grade
  ----- ----- ----- -------- ------------------------------------------------------------------------- -------
  01    56    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            I
  02    47    F     Breast   Little nonspecific infiltrating ductal carcinoma with bone metastasis     I
  03    34    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            I
  04    33    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            I
  05    38    F     Breast   A little nonspecific infiltrating ductal carcinoma with bone metastasis   I
  06    46    F     Breast   Little nonspecific infiltrating ductal carcinoma with bone metastasis     II
  07    43    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  08    48    F     Breast   Little nonspecific infiltrating ductal carcinoma with bone metastasis     II
  09    53    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  10    62    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  11    34    F     Breast   Little nonspecific infiltrating ductal carcinoma with bone metastasis     II
  12    57    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  13    36    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  14    52    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  15    51    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            III
  16    49    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  17    40    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  18    52    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  19    48    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  20    35    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  21    39    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  22    40    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  23    45    F     Breast   Little nonspecific infiltrating ductal carcinoma with bone metastasis     II
  24    33    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            II
  25    53    F     Breast   Nonspecific infiltrating ductal carcinoma with bone metastasis            I-II

2.2. Cell lines {#j_med-2017-0023_s_002_s_002}
---------------

Breast cancer cell lines MDA-MB-231 with high metastatic ability and SK-BR3 were grown in Dulbecco's modified Eagle's medium with 10% fetal bovine serum (Gibco, CA, USA). Cells were incubated at 37°C., 5% CO2.

2.3. Quantitative real-time polymerase chain reaction (qRT-PCR) {#j_med-2017-0023_s_002_s_003}
---------------------------------------------------------------

Total RNA was purified by Trizol (Invitrogen, USA). To test let-7g poly (A) polymerase (Ambion, USA) was added to polyadenylate total RNA. SuperScript™ IV Reverse Transcriptase (ThermoFisher Scientific, USA) was used to do reverse transcription. The primers used were as follows: FOXC2 forward, 5′-CCTACC TGAGCGAGCAGAAT-3′, reverse, 5′-ACCTTGACGA AGCACTCGTT-3′; GAPDH forward, 5′-AACGGATTTGGTCGTATTG-3′, reverse, 5′-GGAAGATGGTGATGGGATT-3′; let-7g forward, 5′- CTGTACAGGCCACTGCCTTGC-3′, reverse, 5′-GCGAGCACAGAATTAATACGAC-3′; U6 forward, 5′-CTCGCTTCGGCAGCACA-3′, reverse, 5′-AACTCTTCACTAATTTGCTG-3′.

2.4. Cell transfection {#j_med-2017-0023_s_002_s_004}
----------------------

Lipofectamine 2000 reagent (Invitrogen, USA) was used to transfect miRNAs or siRNAs. Let-7g, anti-let-7g, and siFOXC2 (5′-GCAGTCTTATCTAACTATGATGCAA-3′) were synthesized by Sangon Biotech (Shanghai, China).

2.5. Western blot {#j_med-2017-0023_s_002_s_005}
-----------------

Cells were lysed and proteins were extracted in RIPA buffer (Biomed, China). Equal amounts of protein were separated by SDS-PAGE and transferred to membranes. Membranes were blotted with anti-β-actin (NeoMarkers, USA) and anti-FOXC2 (Abcam, USA). Membranes were finally visualized by ImmobilonTM Western Chemiluminescent HRP Substrate (Millipore Corporation, USA).

Wound healing assay Breast

cancer cells were seeded into 6-well plates. Sterile plastic pipette tip was utilized to make a wound. Pictures of the wound were taken at 0h and 48h post scraping. At each time point the wound gaps were measured.

2.6. Statistical analysis {#j_med-2017-0023_s_002_s_006}
-------------------------

Each experiment was performed in triplicate. By comparing mean values (±SD) using a Student's t test, statistical significance was estimated for independent groups (^⋆⋆^P \< 0.01, ^⋆⋆⋆^P \< 0.001). The correlation of let-7g with FOXC2 in clinical breast cancer tissues with bone metastasis was determined by Pearson's correlation coefficient.

3. Results {#j_med-2017-0023_s_003}
==========

3.1. Let-7g is negatively related to FOXC2 in breast cancer patients with bone metastasis {#j_med-2017-0023_s_003_s_001}
-----------------------------------------------------------------------------------------

Our data showed that FOXC2 was highly expressed in 25 breast tumor samples with bone metastasis compared with peritumor samples ([Figure. 1A](#j_med-2017-0023_fig_001){ref-type="fig"}). Furthermore, qRT-PCR analysis showed a negative correlation of let-7g with FOXC2 in clinical breast cancer tissues with bone metastasis (Pearson's correlation coefficient r=-0.8982, p\<0.001) ([Figure. 1B](#j_med-2017-0023_fig_001){ref-type="fig"}), indicating that FOXC2 might be one target gene of let-7g in breast cancer. These results suggest that let-7g negatively correlates with FOXC2 in breast cancer tissues with bone metastasis.

![Let-7g negatively correlates with FOXC2 in human breast cancer samples with bone metastasis. (A) FOXC2 expression was tested by qRT-PCR in 25 breast tumor tissues with bone metastasis and peritumor tissues. (B) The association of let-7g with FOXC2 was analyzed by qRT-PCR in 25 breast cancer tissues with bone metastasis (Pearson's correlation coefficient, r=-0.8982). (Statistical differences: \*\*\* P \< 0.001; Student's t test)](med-12-157-g001){#j_med-2017-0023_fig_001}

3.2. Let-7g is able to inhibit FOXC2 in breast cancer cells {#j_med-2017-0023_s_003_s_002}
-----------------------------------------------------------

To explore the modulation of FOXC2 by let-7g we transfected let-7g into MDA-MB-231 cells. We observed that let-7g could decrease the level of FOXC2 protein in MDA-MB-231 cells ([Figure. 2A](#j_med-2017-0023_fig_002){ref-type="fig"}). Nevertheless, FOXC2 was rescued when anti-let-7g transfection depressed endogenous let-7g in SK-BR3 cells ([Figure. 2B](#j_med-2017-0023_fig_002){ref-type="fig"}), further supporting that let-7g is critical for FOXC2 regulation in the cells. Transfection validation of let-7g and anti-let-7g by qRT-PCR analysis was performed in the cells ([Figure. 2A](#j_med-2017-0023_fig_002){ref-type="fig"} and [2B](#j_med-2017-0023_fig_002){ref-type="fig"}). Our data illustrate that let-7g is likely to repress FOXC2 in breast cancer cells.

![Let-7g inhibits FOXC2 expression in breast cancer cells. (A) The levels of FOXC2 protein were examined in MDA-MB-231 cells with the treatment of let-7g by Western blot analysis. The successful transfection of let-7g was confirmed by qRT-PCR analysis. (B) The levels of FOXC2 protein were determined in SK-BR3 cells with anti-let-7g treatment using Western blot. The successful transfection of anti-let-7g was accessed by qRT-PCR. (Statistical differences: \*\* P \< 0.01, \*\*\* P \< 0.001; Student's t test)](med-12-157-g002){#j_med-2017-0023_fig_002}

3.3. Let-7g reduces migration of breast cancer cells via FOXC2 {#j_med-2017-0023_s_003_s_003}
--------------------------------------------------------------

Next, we tried to clarify the function of let-7g in breast cancer. Wound healing assays revealed that cell migration was increased post-transfection with anti-let-7g in SK-BR3 cells, while FOXC2 knockdown abolished the induced-migration mediated by anti-let-7g ([Figure. 3A](#j_med-2017-0023_fig_003){ref-type="fig"} and [3B](#j_med-2017-0023_fig_003){ref-type="fig"}). In general, our data indicate that let-7g is capable of inhibiting cell migration through FOXC2 in breast cancer cells.

![Let-7g reduces cell migration via FOXC2 in breast cancer. (A, B) Wound healing assays for anti-let-7g (or anti-let-7g/siFOXC2) effect on cell migration was performed in SK-BR3 cells. Scale bar = 10 μm. (Statistical differences: \*\* P \< 0.01; Student's t test)](med-12-157-g003){#j_med-2017-0023_fig_003}

4. Discussion {#j_med-2017-0023_s_004}
=============

MiRNAs play important roles in multiple biological processes. MiRNAs take the roles of oncogenes or tumor suppressor genes through different mechanisms. Many studies show that let-7 is the most frequently found miRNA and is significantly related to clinical outcomes in cancers \[[@j_med-2017-0023_ref_011]\]. Some nanoparticle-based let-7 replacement therapy has been successfully tested in preclinical animal models of cancer \[[@j_med-2017-0023_ref_012], [@j_med-2017-0023_ref_028]-[@j_med-2017-0023_ref_031]\]. The functional characterization of the let-7 family in cancer represents a great opportunity to develop robust biomarkers and novel therapeutic strategies for this disease. Therefore, we are interested in the role of let-7g and its novel target gene in bone metastasis of breast cancer.

In our present study, we found that as one member of the FOX transcription factor family, FOXC2 was obviously up-regulated in clinical breast cancer tissues with bone metastasis. Moreover, a significant correlation between let-7g and FOXC2 was observed in clinical breast cancer samples. Ectopicly expressed let-7g significantly inhibited the expression of FOXC2 in breast cancer cells. Functionally, anti-let-7g promoted the migration of breast cancer cells in vitro. However, silencing of FOXC2 could abrogate the increase of cell migration induced by anti-let-7g in breast cancer.

Accumulating evidence shows that the expression of let-7 is usually lost, reduced, or deregulated in the majority of human cancers \[[@j_med-2017-0023_ref_002]\]. A report shows that restoration of let-7 expression inhibits proliferation of cancer cells of different kinds \[[@j_med-2017-0023_ref_008]\]. LIN28 induced-suppression of let-7 maturation mediated by TUTase is a potential target for pharmacologic inhibition by small chemical compounds \[[@j_med-2017-0023_ref_032]\]. Some let-7 family members have been reported to be negatively correlated with metastasis in cancers \[[@j_med-2017-0023_ref_019], [@j_med-2017-0023_ref_020], [@j_med-2017-0023_ref_033]-[@j_med-2017-0023_ref_035]\]. Notably, let-7g was specifically linked with breast cancer metastasis and poor patient survival \[[@j_med-2017-0023_ref_020]\]. Our results suggest that let-7g might be an ideal therapeutic target in breast cancer. Given every miRNA is capable of targeting many transcripts, the potential regulation in cancer afforded by the let-7 family might be different. Let-7 could reduce tumor cell migration via ITGB3 and MYH9 \[[@j_med-2017-0023_ref_033], [@j_med-2017-0023_ref_036]\]. The chemotactic response during tumor metastasis can be blocked by let-7 through CCR7 and CXCR4 \[[@j_med-2017-0023_ref_035], [@j_med-2017-0023_ref_037]\]. FOXC2 is one member of FOX transcription factor superfamily. FOXC2 could sensitize stem cell-rich breast cancer cells to PLK1 inhibition and induce the G2/M transition \[[@j_med-2017-0023_ref_038]\]. Recently, a report has showed that FOXC2 regulates EMT and metastasis in a p38-dependent manner in breast cancer \[[@j_med-2017-0023_ref_039]\]. We found that FOXC2 was a novel target gene of let-7g in breast cancer metastasis.

We presented a novel target gene of let-7g in driving bone metastasis of breast cancer. We found the negative correlation of FOXC2 and let-7g in clinical breast cancer tissues with bone metastasis. Let-7g is able to negatively regulate FOXC2 to inhibit cell migration in breast cancer. Therapeutically, the let-7g/FOXC2 axis might be a potential target for breast cancer treatment.
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